Objective To compare methodology used to assign cause of and factors contributing to maternal death.
Introduction
Reduction of maternal mortality has long been a global health priority with a target set for a 75% decrease in the maternal mortality ratio compared with 1990 by the end of 2015 (Millennium Development Goal 5a). The new global target is fewer than 70 maternal deaths per 100 000 live births by 2030, 1, 2 Although significant progress towards Millennium Development Goal 5a has been reported in the past decade, further improvements are needed. [2] [3] [4] Inconsistencies in coding and assigning of the underlying cause of maternal deaths exist across countries. [5] [6] [7] Accurate identification and classification of cause of death may prove difficult in the absence of clear criteria and guidance because of the relationships between different conditions that may be reported as cause of death. 8 This potentially compromises the quality and interpretation of information available for planning effective interventions aimed at reducing maternal mortality and morbidity. The methodologies for maternal death audit (or review) start with the simplest facility-based case review, which focuses particularly on tracing the 'story' of each woman who died with the aim of identifying what went well and any avoidable factors which, if addressed, could prevent future deaths. 9 A similar process can be performed at community level (for women who died at home or in a health facility) and is then referred to as a 'verbal autopsy'.
Data obtained via verbal autopsy or facility-based review are usually analysed by healthcare providers themselves (including midwives and obstetrician-gynaecologists) or by an external expert panel. In recent years, there has been an interest in using computer-coded verbal autopsy data to improve consistency, inter-observer agreement and comparability. [10] [11] [12] The INTERVA-4 model is a computer-based probabilistic model that provides a likely cause of death. 13 A new standard classification for maternal and pregnancy-related deaths to facilitate national and international comparisons (ICD-MM) was developed in 2012. 5 This classification is an application of the International Classification of Disease, 10th revision, to deaths in pregnancy, labour and puerperium and defines three types of maternal deaths: direct, indirect and unspecified, with eight mutually exclusive groups of underlying causes. A ninth group is used for coincidental causes not related to or aggravated by pregnancy or its management 5 (Table 1) .
We sought to compare cause of death and contributing factors as assigned by an expert panel using ICD-MM with cause as assigned by a facility-based review team and a computer-based program (INTERVA-4).
Methods
In this study we included all maternal deaths that occurred in one rural district, (Mangochi) in Malawi during 1 year (December 2011 to November 2012 inclusive). The district has a population of 916 274 distributed across nine traditional authorities (2008 census data). Of these, 207 868 were women of reproductive age. Maternity services are delivered at primary and secondary healthcare levels (42 health centres, three rural hospitals, one district hospital). Women can be referred to one of two tertiary hospitals in the country, the nearest of which is 110 km away. The district is perceived to be one of the districts with the highest maternal mortality ratio in Malawi but there is no district-level data available.
Deaths were identified through a prospective Reproductive Age Mortality Study where all deaths among women of reproductive age were identified whether these occurred at health facility level or at home. Health facility staff reported all deaths that occurred not only in the maternity wards but in any section of the health facility. Research staff visited all health facilities at least once every quarter and cross-checked all registers. Community health workers reported all deaths which occurred at home and quarterly review meetings were held with community workers and village heads to identify any deaths that may not yet have been reported. At the end of every month the two data sources (health facility and community) were compared, and any duplicates were removed.
Research staff classified the death of a woman of reproductive age as a maternal death (or not) using the ICD-10 definition of maternal death.
14 Out of 424 deaths among women of reproductive age, 151 were identified to be maternal deaths, 94 occurred at a healthcare facility and 57 in the community (Figure 1 ).
This study sought to compare recorded cause of death assigned by healthcare providers themselves with cause of death assigned using INTERVA-4 or an expert panel. All 57 deaths occurring in the community were reviewed using verbal autopsy. 15 The facility review team was comprised of doctors, clinical officers, medical assistants, nurses and midwives and administrative staff working in health facilities in the district. They were not trained in ICD-MM and in this setting there is no pathologist available. Cause of death was assigned by the team for 86 of the 94 maternal deaths after review of the case notes and was documented using the standard Malawi maternal death review form provided by the Ministry of Health. The expert panel consisted of two obstetricians and a midwife (each with experience in low-resource settings and in maternal death review). The expert panel applied the ICD-MM classification system to all 151 maternal deaths using information from verbal autopsy and facility-based review forms and assigned an underlying cause of death and contributing conditions. The panel subsequently met to reach consensus for cases where there were differences in opinion. Agreement of three reviewers was necessary to assign a final cause of death. In cases where three experts did not reach agreement, a fourth independent senior obstetrician-gynaecologist with experience of working in developing countries was consulted to reach agreement.
Underlying cause of death was defined as: the disease or condition that initiated the morbid chain of events leading to death. Contributing conditions were defined as: conditions present that may have contributed to (or be associated with) but did not directly cause death. 5 We compared cause of death and contributing conditions for facilitybased maternal deaths as assigned by the in-country review team with those assigned by the expert panel.
The INTERVA-4 model is an online computer-based probabilistic model that can be used to determine cause of death using verbal autopsy data (see Appendix S1). 13 The program considers malaria and HIV⁄AIDS prevalence in the region. For Malawi, these were set at high levels.
We compared cause of death for 86 maternal deaths with cause assigned by the facility-based review team, as generated by the INTERVA-4 probabilistic model and as assigned by the expert panel. We also compared cause of death for all 151 cases obtained by the expert panel and INTERVA-4. Cohen's j statistic was calculated to assess the level of agreement for all comparisons. 16 We only compared contributing conditions assigned by the expert panel and review team because INTERVA-4 does not produce contributing conditions.
Ethical considerations
Ethical approval for this study was obtained from the Liverpool School of Tropical Medicine and the College of Medicine Ethics Committee in Malawi.
Results

Number of maternal deaths and maternal mortality ratio
In Malawi, there is no civil registration system in place. Empirically, the number of bacillus Calmette-Gu erin vaccinations has been found to be a reasonable proxy for live births as babies are immunised at birth. 17 In Malawi, immunisation coverage is almost universal (97%) and with a strong Health Management information System in place data are collected regarding the number of immunised babies across the country. We estimated that a total of 41 623 births occurred during the study period. 18 We identified 151 maternal deaths among women of reproductive age, giving an estimated maternal mortality ratio of 363 per 100 000 live births (95% CI 307-425). No previous estimates were available for the district.
Underlying cause of death assigned by maternal death review team, expert panel and INTERVA-4
The cause of death for 86 facility-based maternal deaths assigned by the facility-based maternal death review team, expert panel and INTERVA-4 software were compared ( Table 2 ). There were no major differences between cause assigned by expert panel and INTERVA-4.
However, a significant difference was observed between 
Contributing conditions
The maternal death review team identified contributing conditions in 69 (87.3%) of the 86 facility-based maternal deaths with the most common contributing condition being severe anaemia (15.9%; 11/69). HIV complicating pregnancy, childbirth and puerperium, and ruptured uterus each contributed to 13.0% (9/69). Obstructed labour was considered a contributing condition in 10% (7/69).
In general, contributing conditions identified by the expert panel tended to be the same as those identified by the maternal death review team; obstructed labour in 37.7% (26/69) of cases, prolonged labour in 21.3% (15/69) but the expert panel identified additional contributing conditions such as precipitated labour 8.7% (6/69), multiple gestation and premature rupture of the membranes 4.3% each (3/69) and grand multiparity in two cases (2.8%). Based upon ICD-MM definitions, the facility-based review team was noted to have assigned a contributing condition as the 'underlying cause of death' in 15.1% of maternal deaths (13/86).
It was not possible to calculate Cohen's j statistic for level of agreement because the variability between contributing conditions assigned by the groups was too 
Discussion
In this study, we compared the underlying cause of maternal death as assigned by an expert panel trained in the application of the new ICD-MM cause of death classification, and a probabilistic computer program (INTERVA-4) with type and cause of maternal deaths assigned by a facility-based review team.
Main findings
There were marked discrepancies with regard to cause of death as assigned by an untrained facility-based review team compared with that assigned by an expert panel using the ICD-MM classification (j = 0.37, 86 maternal deaths).
In contrast, the level of agreement between cause assigned using INTERVA-4 and the expert panel was good (j = 0.66, 151 maternal deaths). The distribution of type and cause of maternal death obtained is consistent with the current literature on cause of maternal deaths in low-and middleincome settings with the majority recognised to be direct (73%) rather than indirect (27.5%) maternal deaths. 19 This study also demonstrates that it is possible with relatively simple information (case notes with or without verbal autopsy) to identify a clear underlying cause of death in the majority of maternal deaths with only a small proportion remaining undetermined (between 2.3% and 5.8%). However, it is clear that with regard to definition, there is confusion between what is the 'underlying cause of death' and what is a 'contributing condition', especially at the level of a facility-based review team.
Strengths and limitations
Although previous studies have compared underlying cause of death as assigned by physicians (referred to as experts in this study) with computer-coded cause of death, 10, 20 to the best of our knowledge, this is one of the first studies to compare cause of death assigned by a facility-based review team (comprised of different cadres of healthcare providers expected to review maternal and perinatal deaths) with cause of death as assigned by an external expert panel and the INTERVA-4 software.
The expert panel comprised two obstetricians and a senior midwife experienced and knowledgeable about the new ICD-MM classification. In contrast, the maternal death review team used a standard review form currently in use in many sub-Saharan countries and had no training in the use of the ICD-MM classification, which was published in 2012. Cause of death was assigned based upon their professional and clinical knowledge. Table 3 . Underlying cause of maternal death assigned using probabilistic model (INTERVA-4) compared with expert panel using ICD-MM (n = 151) 
Interpretation
The findings of this study are in agreement with those of a study conducted in Pakistan, which compared hospitalassigned cause of death with physician-coded verbal autopsy data. 21 The study showed complete agreement for direct maternal deaths but weak agreement for other causes and for indirect maternal deaths (j = 0.378). Poor agreement (j = 0.219) was also obtained when comparing the cause of death assigned by healthcare providers with that by an expert panel using ICD-MM in a previous study from Malawi. 6 It is plausible that when maternal deaths are reviewed 'in-house', the local team may miss important factors and emphasise relatively unimportant ones (such as anaemia) due to defensive medicine or reluctance to seem critical of colleagues. 22 The above findings have implications for policy-makers, planning and resource allocation. Inaccurate reporting of cause of death limits the validity and usefulness of mortality indicators for policy, research and applied public health decisions. 23, 24 Accurate cause of death attribution is considered to be increasingly important to guide national and international efforts aimed at reducing maternal deaths in the post-Millennium Development Goal agenda. 5 Inconsistencies across countries makes it difficult to correctly plan mortality reduction strategies and are also of concern if they are incorrect but used to inform planning at national and international levels. It is also of concern that this could mean that policy decisions globally as well as locally are based on intrinsically faulty data.
Providing a maternal death review form that will help maternal death review teams extract from case notes or interviews with family all the necessary information that is needed to apply ICD-MM will make it easier to correctly and more consistently assign a single underlying cause of death and separately identify the contributing conditions.
The expert panel had no problems applying ICD-MM classification to data obtained either at a facility or community level, particularly for conditions such as obstructed labour, HIV and anaemia, which are common and, in the past, have often wrongly been assigned as cause of death rather than a contributing condition (with other direct cause of death, e.g. haemorrhage).
We found a high level of agreement between the expert panel and INTERVA-4 software. Other studies have similarly reported levels of agreement ranging from 50% to 83%. 11, [25] [26] [27] However, INTERVA-4 identified cause of death mostly to the level of ICD-MM group only. Expert panel classification of cause of death remains the reference standard against which to monitor performance of other methods of cause attribution. 26 On the other hand, legitimate concerns remain as to standardisation between different experts, the lack of trained expert panels, and the sheer volume of work involved in reviewing large numbers of deaths in low-and middle-income settings. [26] [27] [28] The INTERVA model is freely available in the public domain and is much less labour intensive and offers 100% consistency. 11, 29 However, application of a probabilistic computer program does not in itself result in clinicians conducting indepth review of cases to identify what went well and/or where quality is sub-standard and needs to be improved.
Conclusion
Accurate determination of the underlying cause of maternal death is important to promote national and international comparability and to ensure targeted resource allocation to end preventable maternal deaths. It is critical that countries adopt clear and internationally agreed definitions for 'underlying cause of death' and 'contributing condition'. National data collection forms used to evaluate care provided and factors pertaining to a maternal death should be revised to explicitly include variables used in the ICD-MM classification including; type of maternal death and group level for cause of maternal death. A section setting out the most frequently occurring specific causes of death (below Group level), contributing conditions and ICD-MM codes could be added to review forms. Training in the application of ICD-MM should be a part of midwifery and medical curricula and in-service training.
An expert panel to review maternal deaths is the reference standard. The INTERVA-4 model could help with analysis of large data sets and promote standardisation of verbal autopsy data. However, we note that to do so, INTERVA-4 requires further refinement if it is to provide information on more specific cause of death (below the ICD-MM Group level).
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